An electromagnetic field is applied on a long-thin Pd wire to test the effect of an electrical potential on the loading of the deuterium gas into the palladium, which was proposed by Del Giudice, De Ninno and their group during ICCF-9. The preliminary experimental results showed that this electromagnetic field triggered not only the loading, but also the "excess heat" because of the deuterium flux effect as proposed by Xing Z. Li and his group.
Introduction
During ICCF-9, Del Giudice, De Ninno and their group showed that an electrical potential along the palladium wire was important to load the deuterium into the Pd [1] . The pattern of their successful cathode shows that it is also important to increase the resistance of the palladium wire in order to reduce the Joule heating effect while a large electrical voltage is applied onto the palladium wire. However, there may be another way to generate an electrical potential without the strong Joule heating. That is to use the electromagnetic field instead of a DC current. We believe also that this RF voltage on the palladium wire would generate a longitudinal deuteron flux along the palladium wire and a transversal deuterium flux across the surface of the palladium wire. These fluxes might generate a heat flow according to the correlation between deuterium flux and heat flow. [2] [3] [4] A set of apparatuses were built to test this idea. A copper coil was used to generate an electromagnetic field in a glass vessel. A Pd coil, which worked as a secondary winding of a transformer, was put into this glass vessel. When a high frequency RF voltage was applied on the copper coil, it induced an electrical potential in the Pd coil. However, the secondary winding was an open circuit; hence, there was no strong Joule heat effect. Then, we were able to watch the temperature rising when any tiny heat effects appeared in the Pd coil. When the deuterium gas was filled into the abovementioned glass vessel, a temperature rising on the Pd wire was observed. This temperature rising was correlated with the RF voltage clearly.
A twin system was made in order to exclude any side-effects such as the possible Joule heating due to the eddy current, the disturbance of RF signal in the Pt thermometer…… In one of these twins, Pd wire coil was replaced by a similar copper coil. The comparison between these twins showed that there might be a net heat effect in the D/Pd system when this RF voltage was applied. A glass vessel (260 × φ60 mm) was filled with deuterium gas (1 atm.). A long thin palladium wire (3080 × φ0.08 mm) was wound on a quartz frame in this vessel . (Fig. 1 ) Two Pt resistant thermometers were fixed on the Pd wire to monitor temperature variation. A copper coil was wound on the outside surface of this glass vessel to work as a primary coil of a transformer, which generated an electromagnetic field inside the glass vessel when an RF voltage (1.4 MHertz) was applied on this primary coil. The Pd wire worked like a secondary coil of a transformer. RF voltage was induced along this Pd wire. However, this secondary coil was working in an open circuit; hence, the current in Pd wire was so low that the Joule heat of this current was negligible. In order to eliminate the remaining Joule heating effects such as the eddy current, disturbance inside the Pt resistant thermometers, …etc. a control vessel was made with every thing similar except the replacement of Pd wire by copper wire.
Preliminary Results
When RF voltage was applied on the primary copper coil, the electrical potential was changing along the length of the Pd wire. Hence, the chemical potential of deuterons inside the Pd wire varied along the Pd wire also. However, the chemical potential of the deuterons in the deuterium gas was almost a constant; therefore, we might expect a deuteron flux across the surface of the Pd wire which would be related to a deuteron flux in the direction of the Pd wire axis also. A heat flow was supposed to be correlated with this deuteron flux [2] , although the loading ratio might be not very high. Figure 2 shows the temperature variation during the period when the RF voltage was applied on. The temperature curve (open circles) shows clearly that there was a heat source inside the palladium wire when the RF voltage was applied on that Pd wire in the deuterium gas. The temperature increased about 2 o C. As long as the RF voltage was on, this temperature variation was kept there.
When the RF voltage was off, this temperature variation disappeared as well. The time interval between two sampling points was 16 seconds; hence, this heating effect lasted more than half an hour. However, there was no such temperature variation in the control vessel with Pd wire and air only (Fig. 3) . In figure 3 , the temperature variation of the Pd wire was very small (~0.2 o C), and it kept constant when the RF voltage was changing from 0 to 3 or 4 volts. DC current was applied to calibrate its calorimetric constant. When 1.96 V. of DC voltage was applied on this Pd wire, the DC current was 38 mA. It enhanced the temperature of Pd wire by 1.2 o C. Thus we may estimate that the excess power in the Fig.2 was about 0.12 W.
DC current was applied on the Pd wire to calibrate this heating effect. Before loading the deuterium gas, 1.96 V DC voltage was applied on this Pd wire, and generate a DC current of 34 mA. It increase the temperature of Pd wire by 1. The pumping effect was confirmed again in this gas loading system also. When we started pumping out the deuterium gas, a sudden jump up in the temperature of the Pd wire appeared, while the temperature of copper wire showed an sudden dip. The jump up was more than 75 o C (figure 4a), but the dip was less than 1.5 o C (figure 4c). The time constant of the Pt thermometer is less than 15 seconds, and the time interval between two sampling points was 26 seconds. The Pd wire was wound on the Pt thermometer the size of which is about 30mm×φ3 mm. This pumping effect is reproducible; however, the jump in temperature might be higher or lower than 75 o C.
Discussion
(1) RF voltage on Pd wire is a good method to change the chemical potential of deuteron without strong Joule heating effect. (2) The flux is more important than the loading ratio for this excess power. The resistance of the Pd wire was 63 Ohms after D 2 loading, and its original resistance was 47 Ohms. It meant that the average loading ratio (the number ratio of deuteron to palladium atoms) was less than 0.4. However, it was evident that some heating effect appeared as long as the RF voltage was switched on. This is very different from that in the electrolysis experiment where the loading ratio was assumed to be one of the necessary conditions for excess power.
(3) During the period of pumping, there might be a longitudinal deuteron flux inside the Pd wire along its axis, and a transversal deuterium flux in and out the surface of Pd wire. We believe that the surface flux played key role in this heating effect because the instantaneous pumping effect was mainly a surface flux effect, which was so strong such that it would dominate even if there was a deuteron flux along the axis of Pd wire also. This assumption was supported by Iwamura's experiments as well who showed that the nuclear effect happened only in the surface layer of Pd foil. [5] 
